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A B S T R A C T   

Background & Aims: Adipose tissue is a biologically active organ with pro-immunogenic properties. We aimed to 
evaluate the prognostic value of epicardial adipose tissue (EAT) in COVID-19 and its correlation with other 
inflammatory biomarkers. 
Material and Methods: One-hundred patients with COVID-19 were enrolled. C-reactive protein (CRP), lactate 
dehydrogenase (LDH), neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-CRP ratio (LCR), and platelet-to- 
lymphocyte ratio (PLR) were evaluated on admission. EAT volume and density were measured by computed 
tomography. Patients were followed until death or discharge. Univariate and multivariate analysis was per
formed and ROC curve analysis was used to assess the ability of inflammatory markers in predicting survival. The 
relationship between EAT and other inflammatory markers was also investigated. 
Results: The mean ± SD age of patients was 55.5 ± 15.2 years old; 68% were male. Univariate analysis revealed 
that increased lung involvement, blood urea nitrogen, LDH and NLR, and decreased platelet count were 
significantly associated with death. After adjustment, LDH was independently predictive of death (OR = 1.013, 
p-value = 0.03). Among inflammatory markers, LCR had the best ability for predicting survival with 79.7% 
sensitivity and 64.3% specificity at an optimal cut-off value of 20.8 (AUC = 0.744, 95% CI = 0.612–0.876, p- 
value = 0.004). EAT volume demonstrated positive correlation with NLR and PLR (p = 0.001 and 0.01), and a 
negative correlation with LCR (p = 0.02). EAT density was significantly different between decedents and sur
vivors (p = 0.008). 
Conclusion: Routine laboratory tests that represent status of inflammation can be used as cost-effective prognostic 
markers of COVID-19. Also, the significant association between EAT volume and other inflammatory biomarkers 
might explain the more severe disease in obese patients.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) is a complex multi-system 
infectious disease that predominantly affects the lungs [1]. From when 
it was first identified in December 2019, COVID-19 has caused signifi
cant burden on healthcare systems worldwide. As this pandemic con
tinues to threaten global health, it is essential to further expand our 

knowledge about factors that can affect survival. Besides, increasing our 
understanding of different pathways that are involved in the patho
genesis and clinical severity of COVID-19 can help identify possible 
therapeutic targets and improve clinical management. 

Inflammation plays a major role in the development and progression 
of COVID-19 [2]. Already, several studies have demonstrated the value 
of inflammatory biomarkers such as C-reactive protein (CRP) and serum 

* Corresponding author at: Department of Cardiology, Shahid Labbafinejad Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 
E-mail address: veslami59@gmail.com (V. Eslami).  

Contents lists available at ScienceDirect 

International Immunopharmacology 

journal homepage: www.elsevier.com/locate/intimp 

https://doi.org/10.1016/j.intimp.2020.107174 
Received 12 September 2020; Received in revised form 17 October 2020; Accepted 31 October 2020   

mailto:veslami59@gmail.com
www.sciencedirect.com/science/journal/15675769
https://www.elsevier.com/locate/intimp
https://doi.org/10.1016/j.intimp.2020.107174
https://doi.org/10.1016/j.intimp.2020.107174
https://doi.org/10.1016/j.intimp.2020.107174
http://crossmark.crossref.org/dialog/?doi=10.1016/j.intimp.2020.107174&domain=pdf


International Immunopharmacology 90 (2021) 107174

2

lactate dehydrogenase (LDH) in predicting the clinical severity of 
COVID-19 [3–5]. Therefore, factors that convey information about the 
status of inflammation in patients with COVID-19 can be beneficial in 
predicting the course of disease and determining prognosis. 

Based on growing evidence, obesity, in particular visceral adiposity, 
has an undeniable role in adversely affecting the course of COVID-19 
and increasing the risk of mortality [6]. Obesity is associated with a 
chronic state of inflammation that, not only leads to metabolic distur
bances, but also alters adaptive and innate immune responses [7]. In a 
recent study, Ryan and colleagues proposed that the voluminous and 
hyper-vascularized epicardial adipose tissue (EAT) in obese patients 
functions as a reservoir of COVID-19, facilitating viral spread and aug
menting immune response. They stated that the subsequent activation of 
the cytokine cascade and enhanced production of pro-inflammatory 
cytokines such as interleukin-6 could be responsible for the unfavor
able disease outcome in patients with obesity [8]. Thus, it is probable 
that therapies which target adipose tissue could help reduce the burden 
of COVID-19. 

Considering these findings, we aimed to investigate the association 
of EAT volume and density with the prognosis of patients with COVID- 
19. Furthermore, we hypothesized that EAT volume and density may be 
correlated with other inflammatory biomarkers such as CRP, LDH, 
neutrophil-to-lymphocyte-ratio (NLR), platelet-to-lymphocyte-ratio 
(PLR) and lymphocyte-to-CRP ratio (LCR) in patients with COVID-19. 
We hope that the findings of this study will provide insight into the 
identification of novel prognostic markers and the development of 
rational therapeutic strategies. 

2. Material and methods 

2.1. Ethics approval and consent to participate 

The ethical review board of our institution approved the study. 
Written informed consent was obtained from all individuals prior to 
being enrolled in the study. All investigations were conducted in 
accordance with the 1964 Declaration of Helsinki and its later 
amendments. 

2.2. Study design and patient population 

This single-center study was conducted on 100 patients with a 
confirmed diagnosis of COVID-19 who were admitted to our academic 
tertiary hospital from 20 February 2020 to 20 April 2020. Inclusion 
criteria were as follows: 1) confirmed diagnosis of COVID-19 through 
real-time reverse transcriptase-polymerase chain reaction (RT-PCR) 
assay with samples obtained from a nasopharyngeal swab and 2) chest 
computed tomography (CT) imaging suggestive for COVID-19 pneu
monia. Exclusion criteria were as follows: 1) poor or suboptimal image 
quality due to severe cardiac motion artifact; 2) age less than 18 years, 
and; 3) history of prolonged steroid and NSAID drug use. 

On admission, patients’ information including demographic data, 
clinical characteristics and laboratory findings were collected. The im
aging findings of patients’ initial chest CT were also recorded. All pa
tients were followed until one of the study endpoints (defined as either 
death or complete recovery and discharge) was reached. 

2.3. Laboratory procedures 

RT-PCR for SARS-CoV-2 (DAAN gene Co Ltd device) was performed 
on the nasopharyngeal swab specimen of all patients. Laboratory tests 
including serum biochemistry, complete blood count (CBC) and in
flammatory markers such as CRP, LDH and creatine phosphokinase 
(CPK) were recorded. NLR, PLR and LCR were also calculated for each 
individual by using CBC findings. CRP levels were measured using the 
Rondox essay kit with immunoturbidimetric techniques. For the 
assessment of CBC, venous blood samples were collected in potassium 

ethylenediaminetetraacetic acid tubes (dipotassium EDTA tubes) and 
the Sysmex-XE 2000i automated blood cell analyzer (Sysmex, Kobe, 
Japan) was used for measurement within an hour. This is the standard 
duration time for our laboratory since it prevents EDTA-induced 
swelling. 

2.4. Chest CT imaging 

As part of national COVID-19 guidelines, all clinically suspected 
patients underwent low-dose non-enhanced chest CT at admission [9]. 
In patients with more than one CT, only the initial CT was evaluated. CT 
was performed for every patient using a 64-slice scanner (Siemens 
sensation; Siemens Healthineers, Erlangen, Germany) in a supine posi
tion during end-inspiration. A low-dose CT protocol with the following 
scanning parameters was applied: gantry rotation time of 0.5 s, 0.625 
mm × 64-detector array, pitch of 1.4, table speed of 45.2 mm/rotation, 
20 mAs, 120 kVp, and 300 × 300 matrices. CARE Dose4D and CARE kV 
scanning parameters were off. A 1 mm slice thickness and 1 mm 
reconstruction interval were used for sagittal and coronal image 
reconstruction. After each CT, passive air ventilation was performed for 
at least 30 min and machine surfaces were disinfected with ethanol and 
didecyldimethylammonium chloride (DDAC). 

DICOM data was transferred onto a picture archiving and commu
nicating system (PACS). Then, two expert radiologists with 9 and 18 
years of experience independently interpreted the images and a final 
decision was reached by consensus. Both radiologists were blinded to 
laboratory data, clinical features, and patients’ diagnosis. In case of 
disagreement, the opinion of a third radiologist was used. All CT images 
were viewed in axial, sagittal and coronal planes. The predominant 
pattern of involvement was classified as ground-glass opacification, 
consolidation, reticular or mixed. In addition, axial and anteroposterior 
lesion distribution were also recorded. The presence of other imaging 
features such as pleural and pericardial effusion, crazy-paving pattern, 
reversed halo sign, airway thickening, vessel dilatation, airway dilata
tion, air bronchogram and lymphadenopathy (defined as a lymph node 
with a short-axis diameter >10 mm) was also assessed. Also, all images 
were reviewed for the presence or absence of coronary artery calcifi
cation (CAC) in each of the following vessels: (1) left main or left 
anterior descending coronary artery and its branches, (2) left circumflex 
coronary artery and branches, and (3) right coronary artery. For eval
uation of zonal involvement, three zones were defined as follows: (1) 
upper zone: area above the carina region; (2) middle zone: area between 
the carina and inferior pulmonary vein; and (3) lower zone: area below 
the inferior pulmonary vein. The percentage of lung involvement was 
scored using the following system: 0: no involvement, 1: <25%, 2: 
26–50%, 3: 51–75% and 4: >75%. Zonal scores of both lungs were 
summed up to calculate upper, middle, and lower zone score (maximum 
score of each zone = 8). The total lung score was calculated by summing 
scores of all of the three zones (maximum score = 24). 

All dimensions of cardiac indices were derived from patients’ chest 
CT scan. Epicardial fat was defined as the adipose tissue between the 
visceral epicardium to the outside of the myocardium. The open-source 
3D Slicer software (version 14.10.2) on Microsoft Windows was 
employed to segment and analyze the intended volumes in each patient 
(the 3D Slicer software is a platform for the analysis and visualization of 
medical images, which supports multimodal imaging like CT, magnetic 
resonance imaging (MRI), ultrasound, nuclear medicine, and micro
scopy, and is capable of interactive segmentation, registration, and 
volume rendering [10]). Subsequently, CT volumes (in DICOM format) 
were loaded in the software. The epicardial fat was segmented in an 
embedded segment editor module in the relevant slices of each CT 
volume. All segments were analyzed through the quantification platform 
in the software. For this purpose, a segment statistics module was used to 
compute specific segment volumes and density based on the Hounsfield 
Unit (HU) scale (Fig. 1). A script code was written in Matlab software to 
read all of the obtained 3D Slicer data files and organize the 

A. Abrishami et al.                                                                                                                                                                                                                             



International Immunopharmacology 90 (2021) 107174

3

measurements related to each patient. 

2.5. Statistical analysis 

Categorical variables are reported as frequency (percentage). Normal 
continuous variables are expressed as mean (standard deviation (SD)) 
and skewed continuous variables are presented as median and (Quartile 
1- Quartile 3). All measurements were assessed with normality tests. 
Continuous data were compared by using the Student t-test or Mann- 
Whitney U test and the Chi-square test or Fisher’s exact test was 
applied for the comparison of categorical variables. Univariate and 
multivariate logistic regression analyses (using backward method) were 
performed to identify predictive factors of COVID-19-related death and 
Spearman’s correlation test was used to evaluate the relationship be
tween inflammatory markers and EAT volume and density. Further
more, receiver operator characteristic (ROC) curve analysis was 
performed to calculate the optimal threshold value of inflammatory 
markers and their specificity and sensitivity for distinguishing survivors 
from non-survivors. All statistical tests were performed by SPSS version 
23 (IBM Inc., Chicago, IL, USA). A p-value of less than 0.05 was 
considered statistically significant. 

3. Results 

3.1. Demographic, clinical and imaging findings 

Table 1 shows patients’ baseline demographic and clinical data. The 
mean ± SD age of patients was 55.5 ± 15.2 years old; 68% were male. 
The most common presenting symptoms were cough and dyspnea, 
observed in 68% and 65% of patients, respectively. On follow-up, 17 
(17%) patients died and the remaining were discharged. The mean 
hospitalization time was significantly longer in deceased patients 
compared with those who were discharged (16.71 ± 6.89 versus 10.41 
± 7.27 days, p < 0.001). As shown in Table 1, there was no significant 
difference regarding the age of deceased and discharged patients (p =
0.63); however, there was a significant male predominance in decedents 
(p = 0.04). Furthermore, comorbidities such as hypertension (p = 0.04), 
obesity (p = 0.02) and presence of immunocompromised conditions (p 

= 0.008) were significantly more prevalent among patients who died. 
Evaluation of laboratory parameters indicated that the median 

platelet count was significantly lower among deceased patients (p =
0.038); however, no significant difference was seen across the two 
groups in terms of leukocyte, lymphocyte and eosinophil count 
(Table 1). Lymphopenia, which was defined as a lymphocyte count of 
less than 1 × 109/L, was observed in 30% of the study cohort. Renal 
function markers such as serum creatinine (p < 0.001) and BUN (p <
0.001), and inflammatory markers such as serum LDH (p < 0.001) and 
NLR (p = 0.025) displayed significantly higher levels in patients who 
died. LCR was significantly lower in non-survivors (p = 0.004). 

Table 2 shows the imaging finding of patients on admission. The 
majority of patients presented with bilateral lesions (87%) with pe
ripheral (74%) and posterior distribution (70%). Ground-glass opacifi
cation was the most frequently observed infiltration pattern (n = 66) 
followed by consolidation (n = 16). There was no significant difference 
between the survivors and non-survivors in terms of their initial pre
senting pattern. Regarding other abnormal imaging features, airway 
thickening (74%) and vessel dilatation (68%) were the most prevalent 
findings in the study cohort; vessel dilatation was present in all of the 
patients who died. On the other hand, cavitation was absent in the entire 
cohort and emphysema, fibrosis, and bronchiectasis were seen in only 
one patient each. Our results did not display a significant difference in 
CAC between the discharged and deceased groups. Eighteen patients 
(18%) including 13 patients in the discharged group and five in the 
deceased group had pleural effusion at presentation, of which in 55.5% 
of cases, this effusion was bilateral. As shown by the higher CT scores, 
the extent of lung involvement was significantly greater in those who 
died (p < 0.001). The median epicardial fat volume was 72.97 ml (Q1- 
Q3: 50.2–109.03) and the median epicardial fat density was − 92.5 HU 
(Q1-Q3: − 108.1 to − 76.6); the values for EAT volume were not signif
icantly different among deceased and survived patients but there was a 
marked difference in terms of EAT density (p = 0.79 and p = 0.008, 
respectively). 

3.2. Predictors of mortality based on logistic regression analysis 

Univariate analysis revealed that higher total lung score, increased 

Fig. 1. Quantification of epicardial adipose tissue density by CT scan.  
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BUN, LDH and NLR, and decreased platelet count were significantly 
related to the death of patients with COVID-19. After performing 
multivariate analysis and adjusting for variables, baseline LDH at 
admission was an independent predictor of COVID-19-related death 
(adjusted OR = 1.013, 95% CI: 1.00–1.02, p-value = 0.03) (Table 3). 

Table 1 
Patients’ baseline demographic, clinical and laboratory characteristics.   

Total (n =
100) 

Discharged (n 
= 83) 

Deceased (n 
= 17) 

p-value 

Age(years) 55.5 ± 15.2 55.2 ± 15.6 57.1 ± 13.2 0.637 
Sex     
Male 68 (68) 53 (63.8) 15 (88.2) 0.04 
Female 32 (32) 30 (36.1) 2 (11.8) 
Hospitalization 

time (day) 
11.49 ± 7.56 10.42 7.27 16.71 6.89 <0.001 

Presenting signs 
and symptoms     

Fever 63 (63) 53 (63.8) 10 (58.8) 0.69 
Cough 68 (68) 57 (68.7) 11 (64.7) 0.79 
Sore throat 12 (12) 11 (13.2) 1 (5.8) 0.68 
Dyspnea 65 (65) 54 (65.1) 11 (64.7) 0.98 
Chilling 20 (20) 19 (22.9) 1 (5.8) 0.18 
Headache 16 (16) 15 (18.1) 1 (5.8) 0.29 
Nausea 11 (11) 10 (12.1) 1 (5.8) 0.68 
Abdominal pain 12 (12) 10 (12.1) 2 (11.7) >0.999 
Diarrhea 10 (10) 8 (9.6) 2 (11.7) 0.68 
Myalgia 30 (30) 27 (32.5) 3 (17.6) 0.22 
Presence of 

comorbidities     
Asthma 8 (8) 7 (8.4) 1 (5.8) 0.71 
Diabetes 21 (21) 20 (24.1) 1 (5.8) 0.11 
Cardiovascular 

disease 
21 (21) 16 (19.3) 5 (29.5) 0.34 

Hypertension 33 (33) 31 (37.3) 2 (11.7) 0.04 
Chronic kidney 

disease 
22 (22) 15 (18.1) 7 (4.1) 0.05 

Chronic liver 
disease 

1 (1) 1 (1.2) 0 (0) >0.999 

COPD 1 (1) 1 (1.2) 0 (0) >0.999 
Immunodeficient 

state a 
13 (13) 7 (8.4) 6 (35.3) 0.008 

Obesity (BMI ≥
30) 

25 (25) 17 (20.5) 8 (47.1) 0.02 

Oxygen 
saturation (%) 

90 (87-93) 90 (87-93) 88 (87-90) 0.11 

Type of 
ventilation     

None 80 (80) 80 (96.4) 0 (0) <0.001 
BiPAP 2 (2) 1 (1.2) 1 (5.8) 
Intubation 18 (18) 2 (2.4) 16 (94.1) 
Complete blood 

count     
Leukocyte (×109 

/L) 
6.02 ± 2.63 5. 89 ± 2.62 6.68 ± 2.67 0.27 

Neutrophil (×109 

/L) 
4.47 ± 2.47 4.29 ± 2.41 5.37 ± 2.67 0.11 

Lymphocyte 
(×109 /L) 

1.16 
(0.89–1.57) 

1.15 
(0.87–1.49) 

1.02 
(0.68–1.32) 

0.11 

Eosinophil (×109 

/L) 
0.20 
(0.10–0.20) 

0.20 
(0.10–0.20) 

0.15 
(0.10–0.20) 

0.65 

Hemoglobin (g/ 
dL) 

13.56 ± 2.50 13.73 ± 2.51 12.71 ± 2.36 0.14 

Platelet (×109 /L) 198 
(145–253) 

203 
(157–263) 

166 
(128.5–208) 

0.04 

Inflammatory 
markers     

LDH (IU/I) 416 
(336.5–522.5) 

363 
(332–470) 

578 
(473–931) 

<0.001 

CRP (mg/dL) 34.73 ± 20.89 32.96 ± 21.06 44.18 ± 17.74 0.065 
CPK (IU/I) 99 (58–190) 99 (56–167) 114 (82–331) 0.41 
NLR 3.39 

(2.37–4.97) 
3.02 
(2.29–4.37) 

5.02 
(2.8–10.4) 

0.02 

LCR 31.9 
(19.6–63.9) 

33.9 
(22.8–85) 

17.2 
(14.3–28.9) 

0.004 

PLR 162.8 
(124.2–222.4) 

160.8 
(124.2–219.4) 

202.0 
(120.7–201.2) 

0.46 

Blood urea 
nitrogen (mg/ 
dL) 

30 (18.5–45) 27.5 (17–40) 46 (37–124) <0.001 

Serum 
creatinine 
(mg/dL) 

1.26 
(1.02–1.67) 

1.18 
(1.00–1.38) 

1.77 
(1.43–3.08) 

<0.001 

Troponin (ng/ 
ml) 

0.002 
(0.001–0.007) 

0.002 
(0.001–0.005) 

0.006 
(0.002–0.012) 

0.068 

a Consists of organ transplant recipients or patients with active malignancy 
who were receiving immunosuppressive treatment at the time of the study. 
Abbreviations: NLR: neutrophil-to-lymphocyte ratio; LCR: lymphocyte-to- CRP 
ratio; CRP: C-reactive protein; LDH: lactate dehydrogenase; CPK: Crea
tinephosphokinase; COPD: Chronic obstructive pulmonary disease. 

Table 2 
Patients’ imaging findings on initial CT scan.   

Total (n =
100) 

Discharged 
(n = 83) 

Deceased (n 
= 17) 

p–value 

Lung involvement 
CT score     

Upper 2.0 (1.0–4.0) 2.0 (0.0–3.0) 4.0 (2.0–5.0) 0.002 
Middle 3.0 (2.0–6.0) 3.0 (2.0–5.0) 6.0 (5.0–7.0) <0.001 
Lower 4.0 (2.0–6.0) 4.0 (2.0–5.0) 7.0 (5.0–8.0) <0.001 
Total 9.0 

(5.0–15.0) 
8.0 
(4.0–14.0) 

16.0 
(13.0–19.0) 

<0.001 

Epicardial fat 
volume (ml) 

73.0 
(50.2–109.1) 

75.8 
(50.5–108.3) 

63.0 
(50.0–115.1) 

0.794 

Epicardial fat 
density 
(Hounsfield 
unit) 

− 92.5 
(− 108.1 to 
− 76.6) 

− 89.1 
(− 105.0 to 
− 75.0) 

− 102.9 
(− 115.0 to 
− 83.0) 

0.008 

Involvement 
pattern     

Ground glass 
opacification 

66 (66) 57 (68.7) 9 (52.9) 

Consolidation 18 (18) 12 (14.4) 6 (35.3) 
Reticular 8 (8) 8 (9.6) 0 (0) 
Mixed 8 (8) 6 (7.2) 2 (11.7) 
Lesion 

Distribution     
Axial     
Peripheral 74 (74) 63 (75.9) 11 (64.7)  
Central 8 (8) 7 (8.4) 1 (5.8) 0.42 
Diffuse 18 (18) 13 (15.6) 5 (29.5)  
Craniocaudal     
Upper 10 (10) 9 (10.8) 1 (5.8)  
Middle 14 (14) 13 (15.6) 1 (5.8) 0.46 
Lower 47 (47) 40 (48.2) 7 (41.1)  
Diffuse 29 (29) 21 (25.3) 8 (47.1)  
Anteroposterior     
Anterior 9 (9) 6 (7.2) 3 (17.6)  
Posterior 70 (70) 61 (73.5) 9 (52.9) 0.16 
Diffuse 21 (21) 16 (19.2) 5 (29.5)  
Bilateral 87 (87) 70 (84.3) 17 (100)  
Unilateral 13 (13) 13 (15.6) 0 (0) 0.12 
Other abnormal 

findings     
Airway thickening 77 (77) 61 (73.5) 16 (94.1) 0.11 
Dilated vessel 68 (68) 51 (61.4) 17 (100) <0.001 
Airway dilatation 41 (41) 30 (36.1) 11 (64.7) 0.03 
Septal thickening 13 (13) 9 (10.8) 4 (23.5) 0.23 
Pleural effusion 18 (18) 13 (15.6) 5 (29.4) 0.05 
Pericardial effusion 15 (15) 12 (14.4) 3 (17.6) 0.72 
Coronary artery 

calcification 
47 (47) 38 (45.8) 9 (52.9) 0.49 

Emphysema 1 (1) 1 (1.2) – >0.999 
Bronchiectasis 1 (1) 1 (1.2) – >0.999 
Fibrosis 1 (1) 1 (1.2) – >0.999 
Crazy paving 15 (15) 10 (12) 5 (29.4) 0.13 
Reversed–halo 1 (1) 1 (1.2) – >0.999 
Air bronchogram 36 (36) 26 (31.3) 10 (58.8) 0.03 
Cavitation – – – – 
Cyst 11 (11) 11 (13.2) – 0.20 
Lymphadenopathy 4 (4) 3 (3.6) 1 (5.8) 0.53  
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3.3. ROC curve analysis of inflammatory biomarkers for predicting 
survival 

Fig. 2 depicts the ROC curve of LCR. As shown, the optimal cut-off 
value of LCR for separating survivors from non-survivors was 20.8 
with 79.7% sensitivity and 64.3% specificity (AUC = 0.744, 95% CI =
0.612–0.876, p-value = 0.004). Also, the optimal threshold of NLR for 
differentiating survival from death was 3.65 with 62.5% sensitivity and 
60% specificity (AUC = 0.678, 95% CI = 0.512–0. 84, p-value = 0.08) 
(Fig. 3). The AUC for PLR was 0.559 (95% CI = 0.368–0.731, p-value =
0.455); however, an optimal cut-off point with reasonable sensitivity 
and specificity was not found (Fig. 4). 

3.4. Association between EAT volume and density with inflammatory 
markers 

As shown in Table 4, EAT volume had a significant positive associ
ation with NLR (r = 0.33, p = 0.001) and PLR (r = 0.25, p = 0.01). Also, 
increased EAT volume showed a significant but mild correlation with 
decreased values of LCR (r = − 0.25, p = 0.02). However, no significant 
association was seen between EAT density and NLR, PLR, or LCR (p =

0.35, p = 0.58, p = 0.69, respectively). 

4. Discussion 

Inflammation plays a major role in the pathogenesis and prognosis of 
COVID-19 [2]. This finding has triggered many studies to focus on 
investigating cost-effective and easily accessible inflammatory bio
markers such as CRP, LDH, LCR, NLR and recently, EAT, for predicting 
the prognosis of patients with COVID-19. In this study, we showed that 
serum LDH can be used as a single biomarker to independently predict 
COVID-19-related death. Furthermore, we observed that LCR and NLR 
have acceptable sensitivity and specificity for separating survivors from 
non-survivors at an optimal cut-off value of 20.8 and 3.65, respectively. 
Our findings were also indicative of a significant difference in the EAT 
attenuation values of decedents compared with survivors. In addition, 
EAT volume demonstrated significant but mild positive associations 
with NLR and PLR, and a negative correlation with LCR. 

Severe infections result in cytokine-mediated tissue injury and 
release of LDH [11]. LDH is largely present in the lung tissue; thus, as 
with other respiratory infections such as the Middle East Respiratory 
Syndrome (MERS), patients with severe COVID-19 are also likely to have 
increased amounts of LDH in their circulation [12]. Several studies have 

Table 3 
Univariate and multivariate logistic regression analysis showing predictive factors of COVID-19-related death.   

Crude OR 95% CI for OR p-value Adjusted ORa 95% CI for OR p-value 

Lower Upper Lower Upper 

Total Lung score  1.215  1.093  1.35  <0.001  –  –  –  – 
Serum Creatinine  1.368  0.99  1.89  0.056  –  –  –  – 
Blood urea nitrogen  1.019  1.01  1.03  0.005  1.047  0.99  1.10  0.088 
Platelet count  0.992  0.98  1.00  0.041  0.976  0.94  1.01  0.141 
NLR  1.124  1.01  1.25  0.036  –  –  –  – 
CRP  1.028  0.99  1.06  0.071  –  –  –  – 
LDH  1.003  1.00  1.01  0.048  1.013  1.00  1.02  0.037 
LCR  0.985  0.96  1.01  0.985  –  –  –  – 
EAT volume  1.006  0.99  1.01  0.265  –  –  –  – 
EAT density  0.985  0.96  1.00  0.148  0.91  0.81  1.02  0.10  

a Backward elimination approach was used. Empty cells represent the variables which have been omitted from the model in backward method. Abbreviations: NLR: 
neutrophil-to-lymphocyte ratio; LCR: lymphocyte-to- CRP ratio; CRP: C-reactive protein; LDH: lactate dehydrogenase; EAT: epicardial adipose tissue 

Fig. 2. Receiver operating characteristic (ROC) curve analysis of neutrophil-to- 
lymphocyte ratio for predicting survival. 

Fig. 3. Receiver operating characteristic (ROC) curve analysis of lymphocyte- 
to-CRP ratio for predicting survival. 
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reported an association between elevated LDH and poor outcome in 
patients with COVID-19 [1,13,14]. The results of a recent pooled anal
ysis showed that elevated levels of LDH can increase the odds of mor
tality by more than 16-fold in patients with COVID-19. Moreover, it was 
shown that increased LDH was present in more than 95% of patients 
who died while less than 60% of survivors displayed elevated LDH [5]. 
We also observed that LDH levels are significantly higher in deceased 
patients and that LDH is an independent predictor of mortality. Based on 
our results, a one-unit rise in the level of LDH increased the chance of 
death by approximately 1.3%. Consistent with our findings, in a mor
tality prediction model of COVID-19, increased LDH was able to inde
pendently predict the vast majority of patients requiring special 
attention and care [15]. Taken together, these findings emphasize the 
value of LDH as an excellent prognostic marker of COVID-19 that can be 
used routinely for hospitalized patients. 

Based on experience from previous epidemics, laboratory parameters 
that represent alterations in the hematological system can be useful for 
assessing prognosis and predicting the risk of mortality [16,17]. More
over, their cost-effectiveness and feasibility is an asset. Previous studies 
in patients with MERS-CoV suggested that lymphocytopenia and 
elevated CRP level are predictive of pneumonia development and its 
progression into ARDS [17]. Interestingly, increased pro-inflammatory 
cells and cytokines in the sera of patients with aberrant pulmonary 
inflammation and extensive lung damage were also reported in SARS- 

CoV infection [16]. In this aspect, several studies have shown that ab
solute neutrophil and lymphocyte count, as well as ratios that indicate 
the proportion of these cells could be used as markers of advanced dis
ease in patients with COVID-19 [18,19]. NLR, PLR and LCR are novel 
inflammatory markers, which have recently gained attention for pre
dicting survival in a multitude of diseases including COVID-19. These 
markers are easily accessible through daily-performed laboratory tests 
such as CBC and CRP. In a study by Cheng et al. that was conducted on 
465 patients with COVID-19, NLR was shown to be an effective predictor 
of disease progression; they showed that at a cut-off value of 3.19, NLR 
has 78.2% sensitivity and 73.9% specificity for predicting death (AUC =
0.81, 95% CI, 0.73–0.88, P < 0.001) [20]. In another study, a similar 
cut-off value of 3.00 was reported for NLR, which had 100% sensitivity 
and 73.1% specificity for predicting severe disease [21]. In a recent 
meta-analysis that aimed to compare NLR and LCR between patients 
with severe versus non-severe form of COVID-19, NLR values were 
significantly higher in patients with severe disease (standard mean dif
ference = 2.404, 95% CI = 0.98-3.82) whereas LCR values were mark
edly lower in these patients (standard mean difference = − 0.912, 95% 
CI = − 1.275 to − 0.550) [22]. In our study, the cut-off values of NLR and 
LCR for predicting COVID-19-related death were 3.65 and 20.8, 
respectively. Moreover, our observation regarding significantly higher 
values of NLR in patients who experience death was consistent with that 
of other studies [13,21,23]. Nevertheless, we were not able to demon
strate a significant difference in terms of LCR between discharged and 
deceased patients. 

Besides the importance of neutrophils and lymphocytes, changes in 
the platelet count can also be indicative of severe COVID-19 [24,25]. 
PLR is a novel biomarker that can simultaneously reflect the changes in 
platelet and lymphocyte count. Due to the interactions between platelets 
and lymphocytes, PLR indicates both aggregation and inflammation and 
might be a more sensitive marker for the intensity of systemic inflam
mation rather than platelets or lymphocytes alone. Qu et al. showed that 
baseline platelet count was lower in patients with severe COVID-19 
disease [26].; our study demonstrated the same result, showing signifi
cantly lower platelet counts in deceased patients on admission. How
ever, in contrast to our findings, they displayed that PLR was non- 
significantly lower in severe patients at admission but increased signif
icantly in severe patients compared with non-severe patients during the 
disease course. They concluded that PLR can change dynamically 
throughout the treatment course and has the potential to be used as an 
indicator of disease severity and prognosis in hospitalized patients with 
COVID-19 [26]. In another report on 93 patients with COVID-19, similar 
to our study, PLR was found to be significantly higher in severe patients; 
however, the disease stage at which the PLR values were obtained was 
not mentioned [15]. 

Another example of a novel inflammatory biomarker with potential 
prognostic value is epicardial adipose tissue. It is now evident that ad
ipose tissue is not just a simple deposit for fat storage but rather a bio
logically active organ with pro-immunogenic properties that can induce 
acute inflammation in organs such as the heart and vasculature through 
activation of the immune system [27]. Interestingly, during the H1N1 
influenza virus pandemic, obesity was shown to increase the risk of se
vere infection and death [28]. Moreover, studies suggest that the 
duration of viral shedding in obese patients infected with influenza is 
significantly prolonged compared to others [29]. Several recent studies 
have also indicated a possible association between increased adipose 
tissue in obese individuals and poor prognosis of COVID-19 [30–32]. As 
mentioned earlier, Ryan and Caplice hypothesized that adipose tissue 
can act as a reservoir for extensive SARS-CoV-2 spread, leading to 
enhanced immune activation and increased cytokine production. They 
proposed that stimulation of the immune system by pro-inflammatory 
mediators such as adipokines, which are released from fat tissue, 
might predispose obese patients infected with COVID-19 to the so-called 
“systemic cytokine storm” and subsequently result in clinical deterio
ration and death [8]. Thus, besides being associated with 

Fig. 4. Receiver operating characteristic (ROC) curve analysis of platelet-to- 
lymphocyte ratio for predicting survival. 

Table 4 
Correlation analysis to evaluate the association between epicardial adipose tis
sue and inflammatory markers.   

EAT volume EAT density 

Correlation coefficient 
(r)a 

p- 
value 

Correlation coefficient 
(r)a 

p- 
value 

NLR  0.33  0.001 − 0.09  0.351 
PLR  0.25  0.01 − 0.06  0.58 
LCR  − 0.25  0.02 0.04  0.69  

a Calculated by Spearman’s correlation test. Abbreviations: NLR: neutrophil- 
to-lymphocyte ratio; LCR: lymphocyte-to- CRP ratio; CRP: C-reactive protein; 
PLR: platelet-to-lymphocyte ratio; EAT: epicardial adipose tissue. 
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cardiometabolic conditions such as diabetes and cardiovascular events, 
increased adipose tissue can independently contribute to an increased 
risk of COVID-19-related mortality through an inflammatory process. 
Meanwhile, the epicardial adipose tissue, which directly surrounds the 
heart and is highly integrated within the coronary vasculature, could be 
of more interest. 

Considering the high spatial resolution of CT and the discrete 
attenuation values of adipose tissue, EAT volume and density can be 
easily and precisely measured by CT scan [33]. In our country, from the 
beginning of the COVID-19 pandemic, chest CT was performed routinely 
at admission for all patients who presented with high clinical suspicion 
of COVID-19. This extensive use of CT provided an advantage for the 
simultaneous evaluation of possible prognostic markers of COVID-19 
such as EAT volume and EAT density. In the present study, we showed 
that CT-measured EAT density was significantly lower in patients who 
died; however, it failed to show a prognostic value for predicting sur
vival after performing regression analysis. Furthermore, the results of 
our study did not display a significant difference in EAT volume between 
survivors and non-survivors. In a recent study by Deng e al., similar to 
the result of our study, it was reported that in patients with severe 
COVID-19, EAT density was lower compared with patients who had 
acquired a mild form of the disease (p = 0.05). However, they found that 
EAT volume was significantly higher in patients with severe COVID-19 
[34]. In a retrospective study, Iacobellis et al. also evaluated non- 
gated CT scans of patients with mild and severe COVID-19 to compare 
EAT density and thickness measurements among these patients. They 
showed that EAT thickness was not significantly different among pa
tients with different degrees of COVID-19 severity; however, EAT 
attenuation increased markedly with an increase in the severity of 
COVID-19 [35]. 

We observed a significant association between increased EAT vol
ume and elevated NLR and PLR and decreased LCR. Current evidence 
supports the finding of our study regarding a correlation between EAT 
and inflammatory markers in a multitude of diseases. In a recent study, a 
positive correlation was observed between EAT thickness and NLR and 
CRP in hypertensive patients [36]. Akil and colleagues also showed a 
mild correlation between EAT thickness and NLR in patients with ce
rebral ischemic stroke [37]. Other studies conducted on patients with 
inflammation-associated diseases such as lichen planus or diabetes 
mellitus have also demonstrated that EAT thickness is positively corre
lated with NLR, PLR and CRP [38,39]. Nevertheless, we did not observe 
a significant association between EAT density and inflammatory bio
markers. Consistent with this finding, Iacobellis and colleagues also did 
not find EAT density to be significantly correlated with the level of IL-6 
[35]. 

Our study was associated with some limitations. First, we only 
investigated the baseline level of inflammatory biomarkers; however, as 
previously discussed, these markers might undergo temporal changes 
later in the disease course and affect prognosis. Furthermore, the 
interpretation of our results might be limited by the small sample size, 
particularly in the deceased group. Thus, studies with larger sample size 
are warranted to investigate the relationship between dynamic changes 
of inflammatory markers and prognosis of patients with COVID-19. 
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